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ABSTRACT

The SURVOL project, led by the lle-de-France Redwrefecture and the lle-de-France Regional Health
Agency, aims to strengthen environmental monitoaragund the three major lle-de-France airpd?eis —
Charles de Gaulle, Paris - Orly, and Paris-Le Beuiyuitparif - a noise observatory in the lle-de-Fran
Region - has been in charge of implementing theg@ghical Information System (GIS), in order tolgsa
and follow the changes over time of the relatiopshietween the environmental variables relatedisen
and air pollution and theocio-economic characteristics of the populatieimdj in the SURVOL study areas.
The GIS integrates data taken from the strateggenmapsreated by Bruitparif, air quality data provided
by air quality monitoring network Airparif, and soeeconomic data from INSEE (French National lusét
for Statistics and Economic Studies). The crossidion of this information has highlighted thesfir
elements on the potential links that exist betwsmsial inequalities and exposure to noise and/butmn.
Statistical analysis highlights that a relationsbists between exposure to environmental pollutiod
social deprivation. This article presents the araasre social and environmental inequalities aghéét in
the lle-de-France region and the results of threl thért of the SURVOL project.
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1. INTRODUCTION

1.1 Context

The lle de France region has two internationalaitgqy Paris-Charles de Gaulle and Paris-Orly; and
one business airport, Paris-Le Bourget. These dispare among the biggest in their category at
European level and are responsible for a signitieemount of air traffic over the region.

Despite measures to protect locals (Plan de Géner8e- Noise Pollution Map, Plan d’Exposition
au Bruit — Noise Exposure Plan), inhabitants arersfly challenging the disturbance created by air
traffic and are concerned about the impact thatoeMpe to the noise and atmospheric pollution
generated by planes and the airport hubs will lavéheir health.

It is in this context that the Prefect of the regimcluded actions concerning the disturbances
generated by the region’'s airports in the firstiBegl Health Environment Programme (PRSE1). This
initiative aims, firstly, to produce a summary tietknowledge of the health impact of planes and,
secondly, to set up a health and environmental toanig system around the region's airports. At the
end of 2008, the Prefect of the region tasked theriregional Unit of lle de France (InVS-Drass) to
set up the monitoring system that constitutes tHRBOL project (SURVOL stands for "SUrveillance
sanitaiRe et enVironnementale des plate-formespaétoaires de rOissy, orlLy, le bourget” or "Health
and environmental monitoring of the airport hubfoissy, Orly, and Le Bourget"). This system relies
on help from bodies that aim to protect the heaftlocals (ARS, Cire) and monitor pollution (Airpar
and Bruitparif).

During the first phase of the project (2008-20Biuitparif, which is responsible for the "noise"
aspect, set up a GIS that delimited the areasudlysthen mapped the noise levels by source of noise
and the number of people exposed. The associationsat up ten measurement stations.

The SURVOL project is also part of the second Regiddealth and Environment Plan for lle de
France (PRSE 2). For the second phase of the gr@é&2-2013), Bruitparif is continuing to reinf@rc
the monitoring system by setting up new stationd @nhas been tasked with characterising the
populations of the area of study in relation to @qre to noise and atmospheric pollution.

1.2 Area of study

The area of study chosen for thiest phase of the project covers 299 towns, didideo a northern
zone (Paris-Charles de Gaulle and Paris-Le Bougget)a southern zone (Paris-Orly). The population

exposed to noise and atmospheric pollution withis airea is around 2.17 million inhabitants.
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Map 1 — SURVOL's areas of study

These zones were defined based on flight pathserexrivironment curves, and delimitations of the
Noise Pollution Map and the Noise Exposure Plan.




1.3 Issue

These defined areas are potentially subjected feenand atmospheric pollution linked to air
traffic.

The following hypothesis can be made: dependingnmome, environmental disturbances can
strongly influence the socio-professional make-tithese areas' populations. Indeed, income plays a
key role in the choice of one's place of residendeese disturbances can therefore prevent new,
better-off inhabitants from moving to the area, aaeh constitute a reason for moving. Conversely,
people with more modest incomes may find it morféiailt to move out, so they, therefore, have no
choice but to suffer environmental disturbanceswN@aderprivileged populations may even see this
as an opportunity to acquire cheap housing clogbdo place of work.

This hypothesis is particularly relevant in lle-Beance, where there is both very strong pressure
on the property market and pre-dominant economiiviag in Paris and its immediate vicinity. This
special context attracts populations to these amaspite the environmental disturbances.

The aim of this study is, therefore, to answerfthlowing question: Are there social inequalities
concerning exposure to noise and atmospheric pofliuh the areas studied as part of SURVOL?

1.4 Geographical unit and socio-economic data

In order to guarantee coherence between the differgriables that must be cross-tabulated, it was
decided that data from 2006 would be used, asghidien the data used for modelling the noise maps
was entered. The two social deprivation indicesewttrerefore created using data from the 2006
population census, supplied by INSEE (the Frenchiddal Institute for Statistics and Economic
Studies) at IRIS level. The IRIS (llots Regroupésipl'Information Statistique - Zones Grouped for
Statistical Information) is the most precise ge@dpiaal unit for which census data is supplied.

2. SELECTION AND REPRESENTATION OF SOCIAL DEPRIVATI ON INDICES

2.1 Socio-economic characterisation of the populati on

In order to characterise a region in terms of theiececonomic characteristics of its population,
different aspects must be taken into account: treakdown of the population by age, education,
activity, housing, and material conditions. Studyail the variables of these different socio-ecoitom
aspects can, however, be very time consuming ancdsaersely affect the clarity of the analysis. A
reduced choice of variables and the creation ofirmlex allows a more precise analysis of the
populations' characteristics. The use of an indemrearises the socio-economic situation of a
population while translating its multiplicity. Thaitial question being whether it is the most
underprivileged populations that are most expoeatidturbances, it was important to find indicestth
translate this socio-economic disadvantage.

In the literature, there are several indices tlesgksto translate the socio-economic context, and
social and material disadvantage: the inequalitiekex [1-2], the social and materials deprivation
index [3], the EPICES index, [4], and the humanalepment index (HDI) [5]. The majority of these
indices can be divided into two groups, depending whether the creation protocol used a
multidimensional or an additive method.

2.2 Social deprivation indices tested in the study

Two indices, each using one of these two metho@sewhosen in order to compare their results:
the Townsend index [6] (additive method) and thentewtual deprivation index (or SES, for
Socioeconomic status - a multidimensional metha@d) [

2.2.1 The Townsend index

The additive method consists in calculating an indéh a reduced sum of normalised variables.
The two most commonly cited indices in scientifidofications, in particular for the analysis of hibal
inequalities, are the social deprivation indicesated by British sociologists Townsend and Carstair
[8]. For Peter Townsend, there are two forms of rdggion: material deprivation and social
deprivation. These are two components can be fomrdl four variables that make up his index: the
proportion of unemployed people in the active papioh, the proportion of main homes with more
than one person per room, the proportion of maimé® for which the occupier is not the owner, and
the proportion of households without a car.



2.2.2 The SES index

Multidimensional methods use a large number of s@tonomic and/or socio-demographic
variables that are reduced by multi-level factoalgsis. The choice of variables is determined ke th
statistical relationships between these variabieg. definitive index, therefore, takes socio-ecoimom
and geographical contexts into account.

In the protocol for creating the SES index, theugrof variables selected at the start of the
procedure includes information on activity and eatian, and the breakdown of the population,
households, and accommodation. Whereas the Townseed only includes variables that translate
social "underprivilege”, the SES index also feasuvariables that correspond to social "privilege”
(main homes measuring over 100 m?, persons on epded contracts/civil servants, households with
two cars, etc.).

The preparation of the SES index requires seveuakessive PCAs (Principal Component
Analyses) in order to, initially, reduce the numibéwvariables while retaining the most relevant®ne
(variables providing the largest possible variairc¢he data), and then to calculate the index. The
statistical computing was carried out using thegpamnming language R.

2.3 Socio-economic characterisation of IRIS's using social deprivation indices

For the two indices, the higher the value of thdeix, the higher the area's level of (social and
material) deprivation is compared to others. Tteihs obtained through the two approaches were firs
analysed separately, then compared. The two indieésg highly correlated and, therefore, having
very similar results, only the SES index is preednn this article.

2.3.1 Statistical correlation of the indices

In order to compare the two indices, we calculdtesl Bravais-Pearson correlation coefficient,
using Matlab®, removing the ten IRIS's with missiwajues. The point cloud showing the results of
the Townsend index as a function of the SES, shawssitive linear correlation between the two
indices. With correlation coefficient of 0.97, tH®wnsend index and the SES index are highly
correlated. They therefore show the same type cifat@and material deprivation, although they use
different methods.

2.3.2 The results of the SES index

The creation of the SES index enabled the seleatforelevant variables for characterising the
populations of the IRIS's in the area of studyvafiables were selected to create the index, ptegec
on the correlation circle below:
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Figure 1 — Correlation circle for the variablegtod final PCA (axes 1 and 2)

The first axis explains a significant proportion thie total variance (62.98 %). The correlation
circle is a good illustration of the opposition Wween variables of social and material "deprivation”
(proportion of unemployed people, proportion of Awme owners, households without a car,
immigrants, unqualified, foreigners, employees,gknparent families, unskilled workers) with



"privilege" (median income, proportion of househoidith a parking space, households with two cars,
higher education, main homes measuring over 100mddle management, stable income, houses,

executives).
SES (Socioeconomic Status) index by IRIS in the SURVOL area of study in 2006
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Map 2 — SES Index by IRIS in 2006 in the SURVOLaapé study

The most "underprivileged" populations (IRIS's withlues above the §5percentile), using the
SES index, are concentrated in the northern aréatudy. These are highly built-up IRIS's, mostly
located in the Seine-Saint-Denis and Val d'Oiseadi@pents. The town of Meaux, which has several
IRIS's with high values, also stands out in then8eit-Marne department. In the southern area of
study, the IRIS's located near and north-east afsFarly airport stand out as being the most
underprivileged.

While the most underprivileged populations seenbéoconcentrated in IRIS's in very built-up
towns, the most "privileged" populations are foungeri-urban and more rural zones, mostly in the
departments of Seine-et-Marne or Essonne, and sointbem outside of the Paris region. The
privileged IRIS's are mostly whole towns, contraty underprivileged IRIS's, which are
neighbourhoods in towns.

3. CHARACTERISATION OF THE EXPOSURE OF POPULATIONS TO NOISE
AND ATMOSPHERIC POLLUTION

3.1 Available data for noise

The noise indicators chosen to build the GIS ariseeelated to road traffic, noise related to rail
traffic, and noise related to air traffic. The rnoidata used comes from strategic noise maps prdduce
by the relevant authorities in application of Eugap directive 2002/49/EC.

To characterise exposure to multiple sources afsipart noise in the areas of study, Bruitparif used
work in progress at national level. The nationalltirexposure work group is coordinated by the
LRPC (Laboratoire Régional des Ponts et ChaussdfeS}rasburg, and IFSTTAR, ENTPE, CETE
Lyons, Acoucité and Bruitparif are partners. A nHelkposure noise indicator called "Miedema" has
been developed [9]. It is based on the "dose-resgbourves defined by Miedema [10] to express the
annoyance felt by populations for each source afigport noise, in mono-exposure situations. It is
based on an extrapolation of the "Miedema mono-sups' indicator to multi-exposure situations. It
is currently being approved.

In the absence of one model for calculating noisaogance related to multiple-exposure to
transport noise that is scientifically more valichh another at this point in time [11], we haves#mo
to use the model suggested by the national workgto evaluate multi-exposure in the SURVOL area
of study.



3.2 Data on environmental exposure evaluated at IRl S level

The environmental data comes from models with d l&solution: an irregular grid to provide a
high resolution for each building for the noise amdegular grid of 50 m x 50 m for air quality.
Environmental data is, therefore, available at a&lmmore precise level than by IRIS. Whether it be
for noise levels or N@concentrations, it is not adequate to averageesa#tt IRIS level to evaluate the
exposure of the population. Indeed, the level opasure to pollution is highly linked to the
distribution of sources within the IRIS. For exampas pollution sources linked to land transpoet ar
essentially linear (roads, railways, etc.), two plediving in different parts of the same IRIS arat
necessarily exposed to the same levels of pollution

To get over this problem of scale and take thisateon into account, exposure to noise and
atmospheric pollution has been estimated not imseof decibels (dB(A)) or micrograms per cubic
metre of air (g/), but rather by the proportion of the populatiareach IRIS exposed to levels that
exceed a certain threshold.

The threshold values chosen are the regulatorydimiLden, as defined in article 7 of the order of
4 April 2006 for the noise produced by differentiszes of transport (aerial noise = 55 dB(A), road
noise = 68 dB(A), rail noise = 73 dB(A)) and by dee no. 2010-1250 of 21 October 2010 for the
average level of nitrogen dioxide per calendar y@&&D, = 40 pg/ni). For the multi-exposure noise
indicator called "Miedema" (cf. 3.1), the thresholdlue chosen for this indicator makes a road
equivalent Lden of 68 dB(A).

In order to know the number of people per IRIS esqubto values that exceed the threshold, for
each source of pollution, two layers of data hagerbcross-tabulated: the IRIS buildings, which has
been previously attributed a population by the IAF (Densimos), and the level of noise or
atmospheric pollution from the models and evaluatedhe facade of every building. This calculation
was made using the highest noise level recordati@facade of each building, in accordance with the
method recommended by directive 2002/49/EC.

The data concerning the number of people expos@iplevels that exceed the threshold value
was provided by Airparif directly.

The maps below (Maps 3 and 4) show, as an exanipderesults obtained at IRIS level for the

indicators of populations' exposure to aircraftsgoand nitrogen dioxide (NAD

Population exposed to the threshold value for aircraft noise in 2006, by IRIS
Indicator Lden - Threshold value : 55dB(A)
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Map 3 - Population overexposed to aircraft noiséRi% (2006)

The IRIS's where a high proportion of the populatie very exposed (over 75 %) is naturally
concentrated below the three airports' air tralffices. We observe an "all or nothing" phenomenon:
The IRIS's that suffer from over-exposure to aifcrmise (based on the threshold value of 55 dB(A)
in Lden) can be found in only half of the area idy, but for the majority of these IRIS's a veigh
proportion of the population is concerned (> 75&6rhost of them).




Population exposed to a nitrogen dioxide (NO2) level aboue 40pg/m3 (quality objective) in 2006, by IRIS
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Map 4 - Population overexposed to nitrogen dioX@,) by IRIS (2006)

Within the areas of study, a very high percentafgihe population (over 75 %) is over-exposed to
atmospheric pollution (N above 40 pg/f) in certain IRIS's in towns in the north-west of
Seine-Saint-Denis and the north of Hauts-de-Seine.

4. CROSS-TABULATION OF ENVIRONMENTAL DATA WITH SOCI O-ECONOMIC
VARIABLES

4.1 Statistical analyses

Among all the socio-economic variables and the akdlds linked to environmental pollution, a
reduced number was selected in order to concentraténe most relevant cross-tabulations for our
study. The following variables were cross-tabulatsatio-economic data (SES or Townsend index);
exposure to noise (proportion of the populationasea to values that exceed the threshold value for
aircraft noise of 55 dB(A) in Lden; proportion dig population multi-exposed (according to the
"Miedema multi-exposure indicator") to a road noesguivalent level that exceeds the threshold;
exposure to N@ (proportion of the population exposed to an averamnual N@ level above
40pg/nf).

We are interested in a possible causal relationblkipveen the variations in social deprivation
indices (Y) and environmental variables (X), acéogdto a linear functionY =~ aX + b.

The statistical analyses were carried out usingTibensend index and the SES index. However,
only the cross-tabulation carried out with the SE®x will be presented as an example in this batic

4.2 Bivariate analysis

Tukey's box-and-whisker plots (also known as botg)lallow a graphical depiction of the
cross-tabulation of the social deprivation indeEfSor Townsend) and environmental variables. For
this type of representation, we have split thedediinto deciles. Class 1 corresponds to the 10&ieof
"least underprivileged" IRIS's and class 10 repnés¢he 10% of the "most underprivileged” IRIS's.
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Figure 2 - SES index and proportion of the popatativerexposed to aircraft noise
The proportion of the population exposed to valtlest exceed the threshold values for aircraft
noise jumps dramatically from very low values torwehigh values when we reach the most
underprivileged IRIS's (10decile).
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Figure 3 - SES index and proportion of the popatabverexposed to NO

The increase of the proportion of the populatiopased to values that exceed the threshold limits
for atmospheric pollution by IRIS as a functiontb& SES or Townsend indices is very marked. In the
area of study, the higher the level of "deprivatibg IRIS is, the more people are exposed to lewéls
NO, exceeding 40 pg/
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The proportion of the population exposed by IRIBd® to increase as the level of "deprivation”
rises.



4.3  Analysis of correlations

The bivariate boxplot representations seem to eagichat the relationship between the variable
couples studied is not coincidental. The analysfs correlation coefficients, determination
coefficients, and p-value statistics in combinatisith a significance test of the slope allowed an
evaluation of the nature of the relationship betwt® environmental variables studied and the $ocia
deprivation index.

Table 1 - Analysis of correlations for the SES ide

Pearson correlation Slope significance test Determination

coefficient (R) (P-value) coefficient
(R?)
% of the population exposed to more than 0.18 6.129e-13 0.03278
55dB(A) for aircraft noise
% of the population multi-exposed 0.18 6.297e-13 0.03274
(road equivalent)
% of the population exposed to more than 0.28 2.2e-16 0.08094

40pg/m3 for the level of NQ

While the Bravais-Pearson linear correlation antedrination coefficients are low, the p-value
values are all below 5 %, which allows us to refhet hypothesis that the variables are not coredlat
Consequently, the relationship between people #hatover-exposed to noise and/or atmospheric
pollution, and the level of social deprivation,defined by the SES index, cannot be coincidental.

4.4  Cartographic representations

Maps were produced to highlight the IRIS's withthlgvels of socio-economic deprivation (either
according to the SES index, or the Townsend indexboth) and a significant proportion of the
population over-exposed to environmental pollutibar each of these variables, the IRIS's in the top
25 percentile in terms of both social deprivatiamd aexposure to noise nuisance or atmospheric
pollution were chosen. The use of the Townsendxratdhe SES index has little effect on the results
only a few IRIS's stand out. All the maps are pnésé in the full study report written by Bruitparif
[12].

The map below (Map 5) summarises all the possilmmhkinations of social deprivation and
exposure to environmental disturbances. For thet smsally underprivileged IRIS's, we observe that
there is an accumulation of several types of palhutindeed, the great majority of IRIS's identiien

the map have high levels of at least two typesmfironmental.
Deprivation and over-exposure to noise and atmospheric pollution by IRIS in 2006
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5. CONCLUSION

The statistical analyses have highlighted relathgms that cannot be coincidental, between socially
underprivileged populations and exposure to noigeaimospheric pollution within the areas of study.
The most underprivileged IRIS's have a higher cafregion of people exposed to air or road traffic
noise and/or atmospheric pollution.

A detailed study of the location of the most cifitRIS's (those that are in the top 25 percemtile
the most underprivileged from a socio-economic poinview and in the top 25 percentile of those
most exposed to noise and/or atmospheric pollutias highlighted a great diversity of situations
with the areas of study combining social inequadibhd environmental inequalities.

By highlighting the sectors within the areas ofdstuhat are both significantly socially and
environmentally underprivileged, the study idem#fiwhich zones should be considered as priority
zones for public health policies. This informatioan also help the local authorities concerned to
prioritise their actions in terms of fighting noised atmospheric pollution and protecting exposed
populations.
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